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Identification of CTL epitopes for tumor-specific responses is important 
for the development of immunotherapies to treat cancer patients. We have 
developed a strategy to identify potential CTL epitopes based on screening 
of sequences of target proteins for presence of specific motifs recognized 
by the most common HLA-A alleles, and identification of high affinity 
binding peptides using in vitro quantitative assays. A systematic analysis 
using the sequence of the product of the tumor-associated MAGE-1 gene has 
been carried out. All possible peptides of nine and ten residues, 
containing binding motifs for HLA-A1 , -A2.1, A-3.2, -All and -A24 were 
synthesized and tested for binding using a quantitative assay. Out of 237 
possible peptide/MHC combinations, 4 7 cases demonstrated good binding 
affinity (K-d ltoreq 500 nM) . Several peptides were identified as good MHC 
binders for each one of the five HLA-A alleles studied (five for HLA-A1, 11 
for HLA-A2.1, 10 for HLA-A3 . 2 , 16 for HLA-A11 and five for HLA-A24 . 
Furthermore, eight of these peptides were found to bind well to more than 
one HLA-A allele. These results have important implications for the 
development of immunotherapeutic vaccines to treat malignant melanoma. 
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The human MAGE-3 gene is expressed in many tumors of several histological 
types but it is silent in normal tissues, with the exception of testis. 
Antigens encoded by MAGE-3 may, therefore, be useful targets for specific 
anti-tumor immunization of cancer patients. We reported previously that 
MAGE-3 codes for an antigenic peptide recognized on a melanoma cell line by 
autologous cytolytic T lymphocytes (CTL) restricted by HLA-A1 . Here we 
report that the MAGE-3 gene also codes for another antigenic peptide that 
is recognized by CTL restricted by HLA-A2 . MAGE-3 peptides bearing 
consensus anchor residues for HLA-A2 were synthesized and tested for 
binding. T lymphocytes from normal individuals were stimulated with 
autologous irradiated lymphoblasts pulsed with each of three peptides that 
showed strong binding to HLA-A2 . Peptide FLWGPRALV was able to induce CTL. 
We obtained CTL clones that recognized not only HLA-A2 cells pulsed with 
this peptide but also HLA-A2 tumor cell lines expressing the MAGE-3 gene. 
The proportion of melanoma tumors expressing this antigen should be 
approximately 32% in Caucasian populations, since 49% of individuals carry 
the HLA-A2 allele and 65% of melanomas express MAGE-3. 
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Steven A. Rosenberg, M.D., Ph.D., Yutaka Kawakami, M.D., and their 
colleagues at NCI reported their findings in the April 26, 1994, issue of 
the Proceedings of the National Academy of Sciences. 

The MART-1 protein is an effective antigen only in individuals 
expressing an immune marker known as HLA-A2 . But since this marker is very 
common, treatment based on MART-1 could have wide use. 

Identifying tumor-associated antigens has been a major goal of cancer 
research. The hope is that such antigens could be used to develop vaccines 
or other specific cancer therapies. Melanoma has been a particular target 
of such research, both because the advanced disease is deadly and difficult 
to treat, and because it seems to be unusually responsive to immunologic 
changes. 

Rosenberg and his co-workers discovered in 1988 that certain immune 
cells found in tumors have potent activity against the tumors from which 
they derive. These tumor -infiltrating lymphocytes, or TIL, are able to 
destroy the tumor cells. They have been shown to shrink tumors in more than 
one-third of melanoma patients. 

"The ability of TIL to mediate regression of advanced melanoma 
suggests that the antigens the TIL recognize play an important role in the 
immune response against these cancers," Rosenberg said. "For that reason, 
we wanted to identify the antigens. Doing so could give us important 
information about the body's natural anti-tumor defenses and provide a 
valuable tool to use in developing cancer treatments." 

Using a complex multi-step procedure, the investigators identified 
and cloned (copied) a DNA sequence coding for a protein recognized by 
melanoma -derived TIL. The researchers gave this sequence, which was unlike 
any registered in an established database, the name MART-1, for Melanoma 
Antigen Recognized by T Cells -1. 

Testing showed the gene for MART-1 to be active in human melanocytes 
(normal pigment -forming cells) and in most melanoma cell lines. Retinal 
tissue, which contains melanocytes, also tested positive, but other normal 
tissues did not. The investigators concluded that MART-1 is a previously 
undescribed antigen expressed on cells from skin and retina and also on 
many melanoma cells. 

Since pigment cells in skin and retina are not essential for any life 
function, immunotherapy directed against MART-1 could potentially provide 
benefit without causing major toxicity. Rosenberg's group has now 
identified a 9-amino-acid peptide within MART-1 that appears to be a common 
antigen for many melanoma- specif ic TIL and that might aid in developing 
such immunotherapy . 

MART-1 appears to be a non-mutated "self" peptide. Since the immune 
system is normally tolerant, or non -reactive, to "self" antigens (i.e., 
antigens that identify a specific individual) , researchers working with 
MART-1 will need to learn more about the particular conditions that permit 
such tolerance to be broken. 

The antigens that correspond to the DNA sequences identified by 
Rosenberg's team are unique in that they are recognized by naturally 
occurring TIL derived from melanomas. The NCI scientists have shown that 
their TIL do not recognize other known melanoma-associated antigens, such 
as MAGE - 1 . 

"The identification of genes encoding cancer -associated antigens 
provides a solid scientific base for the future development of 
immunotherapies," Rosenberg said. 
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ABSTRACT: Genes encoding antigens recognized on tumors by autologous 
cytotoxic T- lymphocytes (CTL) led to the characterization of a family 
of 12 genes, named MAGE. By stimulating T- lymphocytes from normal 
individuals with a MAGE- 3 peptide that showed strong binding to HLA-A2 
CTL clones were obtained that recognized not only HLA-A2 cells pulsed 
with the peptide, but also HLA-A2 tumor cell-lines expressing gene 
MAGE- 3 Tumor antigens expressed by a majority of melanomas and 
presented by HLA-A2 are derived from the tyrosinase (TY, EC-1 . 14 . 18 . 1) 
qene and from a new gene, named Melan-A. Unlike the MAGE genes, 
expression of the latter genes is restricted to melanomas and, among 
normal tissues, to melanocytes. The TY gene encodes an additional 
epitope presented by HLA-B44 . The relevant non-apeptide is recognized 
by the CTL only in the context of the HLA-B44-03 subtype. Patients 
liable to benefit from specific immunization can be identified upon the 
analysis of the tumor antigens expressed by the tumor together with HLA 
typing, and antigens can be modified for optimal genetic immunization 
for cancer immunotherapy. (2 ref) 
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Abstract- Expression of cDNA libraries from human melanoma, renal cancer, 
astrocytoma, and Hodgkin disease in Escherichia coli and screening for 
clones reactive with high-titer IgG antibodies in autologous patient 
serum lead to the discovery of at least four antigens with a restricted 
expression pattern in each tumor, Besides antigens known to elicit 
T-cell responses, such as MAGE-1 and tyrosinase, numerous additional 
antigens that were overexpressed or specifically expressed in tumors of 
the same type were identified, Sequence analyses suggest that many of 
these molecules, besides being the target of a specific immune 
response, might be of relevance for tumor growth, Antibodies to a given 
antigen were usually confined to patients with the same tumor type. The 
unexpected frequency of human tumor antigens, which can be readily 
defined at the molecular level by the serological analysis of 
autologous tumor cDNA expression cloning, indicates that human 
neoplasms elicit multiple specific immune responses in the autologous 
host and provides diagnostic and therapeutic approaches to human 
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Abstract: The human genes MAGE-1 and -3 encode melanoma peptide antigens 
that are recognized by autologous cytotoxic T lymphocytes. Tumors 
expressing MAGE genes are potential targets for cancer immunotherapy, 
because MAGE genes are expressed only in tumor tissue and not m any 
normal tissue except testis and placenta. However, little is known 
about MAGE gene expression in human esophageal carcinoma. The purpose 
of this study was therefore to analyze MAGE gene status in human 
esophageal carcinoma. We studied the expression status of these genes 
in 42 surgical samples and in 12 cell lines of human esophageal 
carcinoma using the reverse transcription polymerase chain reaction 
(RT-PCR) . Various clinicopathological factors were also analyzed. No 
MAGE gene expression was seen in any of the 42 normal esophageal tissue 
specimens. In contrast, tumor tissue expressed MAGE-1, -2, and -3 m 
26, 18 and 24 specimens, respectively. Thirty- three of 42 tumors 
expressed at least one MAGE gene. Significant clinicopathologic 
differences between the tumors were not observed, regardless of the 
presence or absence of MAGE gene expression. In cell lines, MAGE - l , -2, 
and -3 gene expression was recognized in 5, 4 and 4 cell lines, 
respectively. This study demonstrates that MAGE genes are frequently 
expressed in clinical samples as well as in cell lines of esophageal 
carcinoma. The identification of MAGE genes, therefore, may open up a 
new modality of treatment, namely specific immunotherapy, for patients 
with esophageal carcinoma. (C) 1995 Wiley-Liss, Inc. 
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Abstract: Background & Aims: The genes MAGE-1 and MAGE -3 both^ encode 
melanoma peptide antigens recognized by major histocompatibility 
complex-restricted cytotoxic T lymphocytes. The antigens may be a 
target for immunotherapy. There is, however, little information on the 
expression of these genes in gastric carcinomas. Therefore, the 
expression of MAGE genes in gastric carcinomas was evaluated. Methods: 
The expression of MAGE-1, MAGE - 2 , and MAGE -3 genes in tumors and 
corresponding normal tissue specimens was studied using a 
reverse-transcription polymerase chain reaction. The results were 
analyzed according to clinicopathologic factors of the tumor. Results: 
In the 68 gastric carcinomas studied, MAGE-1, MAGE - 2 , and MAGE -3 
messenger RNA were detected in 41%, 31%, and 38%, respectively. Fifty 
percent of the gastric carcinomas expressed at least one of the MAGE 
genes, Messenger RNA for the three MAGE proteins was not detected in 
normal gastric tissue, MAGE gene expression in gastric carcinomas was 
not associated with a significant clincopathology of the tumor. 
However, gene expression was lower in mucinous carcinomas (3 of 10) , 
Conclusions: MAGE-1, MAGE - 2 , and MAGE -3 are expressed in a high 
percentage of gastric carcinomas, These tumor rejection antigens may 
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provide tumor- specif ic targets for immunotherapy, 
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Abstract: The MAGE genes encoding tumor-rejection antigens are expressed on 
various human cancers. An enzyme-linked immunosorbent assay (ELISA) was 
established for measuring cellular MAGE -4 protein (MAGE-4a and/or -4b) 
expressed on human tumor cells using a monoclonal antibody (mAb) and 
polyclonal Ab to recombinant MAGE -4b protein. Both the R5 mAb (IgGl) 
and the polyclonal Ab recognized a 45 kDa protein in extracts of MAGE -4 
mRNA positive cancers, and showed no apparent cross-reactivity to the 



other MAGE gene products ( MAGE - 1 , -2, -3, -6, and -12) by the 
immunoblot analyses. The R5 mAb and the polyclonal Ab primarily 
recognized one (the position 119-133) and two oligopeptides (the 
positions 119-133 and 259-273) , respectively, among a series of 31 
different MAGE -4b oligopeptides. The amino acid sequences of these two 
peptides were identical to those of MAGE - 4 a and -4b, but differed from 
those of all the other MAGE proteins ( MAGE - 1 , -2, -3, -6, and -12) . 
Substitution of glycine for amino acid in position 123 (arginine, R) , 
124 (lysine, K) , 126 (R) or 128 (K) in a MAGE -4b oligopeptide of the 
position 119-132 severely decreased the reactivity of the R5 mAb to the 
oligopeptide. This EL ISA also showed no apparent cross-reactivity with 
the other MAGE gene products (MAGE-1, -2 -3, -6, and -12) . The minimum 
detectable level of MAGE -4 protein was determined to be 10 pg/well (100 
pg/ml) . The results suggest that this EL ISA is a reliable and 
quantitative method to measure cellular MAGE -4 protein that is a 
potential target molecule for specific immunotherapy of human cancers. 
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Abstract: Patients with an intact SRY gene and duplications of portions of 
Xp21 develop as phenotypic females. We have recently mapped this sex 
reversal locus, DSS, to a 160 -kb region of Xp21 that includes the 
adrenal hypoplasia congenita locus. To clone the gene(s) underlying DSS 
and AHC, we isolated expressed sequences from the region. Here we 
describe the characterization of two related genes. DAM10 and DAM6, 
expressed in adult testis and lung tumors. The predicted DAM10 and DAM 6 
proteins are 66% identical and are both highly similar to the MAGE 
family of tumor-associated antigens and to mouse necdin. Genes 
belonging to the MAGE superfamily, DAMs, MAGEs, and necdin, are likely 
to have originated from a common ancestor and to be subject to an 
unusually rapid evolution. The tumor-restricted expression of DAM 
proteins and their structural similarity to MAGE genes suggest that DAM 
peptides may be targets for active immunotherapy in lung cancer 
patients . 
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Abstract: The human MAGE- 3 gene encodes a melanoma antigenic epitope 

recognized by specific cytotoxic T lymphocytes, but its gene product 
has not been identified thus far, We produced a recombinant MAGE -3 gene 
product by expression cloning of the entire reading frame in the 
context of a fusion protein characterized by a 10-histidine tall, 
allowing purification by metal chelation on a nickel Sepharose column, 
The semipurified product was used to generate MAGE- 3 -specif ic 
monoclonal antibodies. One reagent could identify by immunoblott ing the 
native MAGE -3 gene product as a M(r) 48,000 protein in lysates of cell 
lines showing evidence of MAGE- 3 gene expression. No apparent 
cross-reactivity with recombinant or native MAGE- 1 gene product was 
observed, Immunohistochemistry shows that, closely resembling the 
MAGE-1 gene product, MAGE- 3 is a cytoplasmic protein. 
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Abstract: CTL that lyse melanoma cells were previously isolated from 
several melanoma patients. Such CTL recognize autologous proteins, 
indicating the occurrence of autoreactive T cells in melanoma patients. 
We have now raised CTL, using responding T lymphocytes from healthy 
donor blood, that lysed not only cells incubated with an 
HLA-A*0201-binding tyrosinase peptide but also melanoma cells 
endogenously processing and presenting the epitope. Our results suggest 
that autoreactive CTL precursors are present in healthy donor blood and 
can be activated in vitro with synthetic peptides presented on 
appropriate APCs. Therefore, tissue-specific, autoantigen-derived 
peptides might be useful in immunotherapy of both poorly and 
nonimmunogenic tumors . 
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According to an abstract submitted by the authors to the 87th Annual 
Meeting of the American Association for Cancer Research, held April 20-24, 
1996, in Washington, D.C., "Melanoma patients immunized with a polyvalent 
vaccine were assessed for their peripheral blood lymphocyte (PBL) responses 
to the melanoma peptides MART-1, MAGE- 3 and a control peptide from 
falciparum malaria. The vaccine was prepared from shed melanoma antigens, 



-bound to alum, and administered s.c. every 3 weeks x 4 to 10 HLA-A2 + 
patients. The peptides studied are all HLA-A2 restricted. Seven (70%) of 
the patients had a significant T cell response to MART-1 and/or 
MAGE- 3 -pulsed A2 + melanoma targets compared to control peptide as measured 
by IFN-gamma release. Three patients responded to MART-1 and five to 
MAGE - 3 . The responses appeared to be vaccine induced since two patients 
studied in detail had no detectable peptide-specif ic cells before 
immunization. After treatment, both had a statistically significant 
increase in CD 8 IFN- 
gamma} } -secreting cells (400/10(6) PBL to MART-1 in one patient and 
580/10(6) PBL to MAGE -3 in the other patient). The responses were abrogated 
by antibodies to CD8 or HLA-class I but not by anti-CD4, indicating they 
were CD8 mediated. These results show that a polyvalent vaccine can induce 
a CD8 response to MART-1 and MAGE - 3 , and provide direct evidence that these 
proteins can induce a T cell response in humans." 
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Melanoma "Tumor Escape from Immune Recognition: Loss of HLA-A2 Melanoma 
Cell Surface Expression Is Associated with a Complex Rearrangement of 
the Short Arm of Chromosome 6(1)." Clinical Cancer Research, April 
1996;2 (4) :641-652 . 
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ISSN: 1074-2921 WORD COUNT: 456 

PUBLISHER: Charles W Henderson 

Maeurer, M.J.; Gollin, S.M.; Storkus, W.J.; Swaney, W. ; Karbach, J . ; 
Martin, D.; Castelli, C; Salter, R. ; Knuth, A.; Lotze, M.T. 

According to the authors' abstract of an article published in Clinical 
Cancer Research, "Specific CD8(+) CTL recognition of melanoma requires 
expression of MHC class I molecules as well as melanoma-associated peptide 
epitopes. Human melanoma cells may escape immune recognition by a variety 
of means, including global or allelic down-regulation of MHC class I 
molecules. Stable MHC class I cell surface expression requires delivery of 
cytosolic peptides into the endoplasmic reticulum by the peptide 
transporter molecules TAP1 and TAP 2 , with peptides subsequently transported 
to the cell surface in complexes containing MHC class I heavy chain and 
beta (2) -microglobulin. We have evaluated a series of mechanisms resulting 
in MHC class I down -regulation in a human melanoma cell line, Mzl8, typed 
as HLA-A2(+), A3 (+) , B7(+), B57(+), Cwl(+), and Cw6(+) by genomic PCR 
analysis. The melanoma cell line Mzl8 exhibits a global down-regulation of 
MHC class I heavy chain transcripts; beta (2) -microglobulin; the proteasome 
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Cloning and analysis of MAGE-l-related genes 
Ding M; Beck R J; Keller C J; Fenton R G 

NCI-FCRDC, P.O. Box B, Bldg. 567, Room 207, Frederick, MD 21702, USA 
Biochemical and Biophysical Research Communications 202 (1). 1994. 
549-555 . 

Full Journal Title: Biochemical and Biophysical Research Communications 
ISSN: 0006-291X 
Language: ENGLISH 

Print Number: Biological Abstracts Vol. 098 Iss. 006 Ref. 076861 
The spectrum of MAGE gene expression in the human melanoma cell line 
DM150 was examined using reverse transcription polymerase chain reaction 
and cDNA cloning. We have isolated five full-length cDNAs from DM150 which 
were identified as MAGE - 1 , MAGE - 3 , MAGE-12 and two previously undescribed 
MAGE genes, MAGE- 3b and MAGE-X2 . DNA sequence analysis of the coding 
regions of the MAGE -3b and MAGE-X2 genes revealed 83% and 88% identity with 
MAGE - 1 , while MAGE- 3b was 98% homologous with the full length MAGE -3 clone. 
The predicted amino acid sequences of MAGE-X2 and MAGE-3b contain consensus 
HLA-A1 peptide binding motifs, suggesting that, like MAGE - 1 , they may code 
for tumor-associated antigens. In addition, a nonamer peptide encoded by 
both the MAGE- 3 and MAGE-12 genes was shown by direct binding studies to 
contain an aggretope for HLA-A2 . 
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Identification of potential CTL epitopes of tumor-associated antigen 
MAGE-1 for five common HLA-A alleles 

Celis E; Fikes J; Wentworth P; Sidney J; Southwood S; Maewal A; Del 
Guercio M-F; Sette A; Livingston B 
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Full Journal Title: Molecular Immunology 

ISSN: 0161-5890 

Language : ENGL I SH 

Print Number: Biological Abstracts Vol. 099 Iss. 007 Ref. 098941 

Identification of CTL epitopes for tumor-specific responses is important 
for the development of immunotherapies to treat cancer patients. We have 
developed a strategy to identify potential CTL epitopes based on screening 
of sequences of target proteins for presence of specific motifs recognized 
by the most common HLA-A alleles, and identification of high affinity 
binding peptides using in vitro quantitative assays. A systematic analysis 
using the sequence of the product of the tumor-associated MAGE-1 gene has 
been carried out. All possible peptides of nine and ten residues, 
containing binding motifs for HLA-A1 , -A2.1, A-3.2, -All and -A24 were 
synthesized and tested for binding using a quantitative assay. Out of 23 7 
possible peptide/MHC combinations, 47 cases demonstrated good binding 
affinity (K-d ltoreq 500 nM) . Several peptides were identified as good MHC 
binders for each one of the five HLA-A alleles studied (five for HLA-A1, 11 
for HLA-A2.1, 10 for HLA-A3.2, 16 for HLA-A11 and five for HLA-A24 . 
Furthermore, eight of these peptides were found to bind well to more than 
one HLA-A allele. These results have important implications for the 
development of immunotherapeutic vaccines to treat malignant melanoma. 
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